ABSTRACT Most studies of socioeconomic status (SES) and chronic disease risk factors have been conducted in high-income countries, and most show inverse social gradients. Few studies examine these patterns in lower-or middle-income countries. Using cross-sectional data from a 2005 national risk factor survey in Argentina (a middle-income country), we investigated the associations of individual-and area-level SES with chronic disease risk factors (body mass index [BMI], hypertension, and diabetes) among residents of Buenos Aires. Associations of risk factors with income and education were estimated after adjusting for age, sex (except in sex-stratified models), and the other socioeconomic indicators. BMI and obesity were inversely associated with education and income for women, but not for men (e.g., mean differences in BMI for lowest versus highest education level were 1.55 kg/m 2 , 95%CI=0.72-2.37 in women and 0.17 kg/m 2 , 95%CI=−0.72-1.06 in men). Low education and income were also associated with increased odds of hypertension diagnosis in all adults (adjusted odds ratio [AOR]=1.48, 95%CI=0.99-2.20 and AOR= 1.50, 95%CI=0.99-2.26 for the lowest compared to the highest education and income categories, respectively). Lower education was strongly associated with increased odds of diabetes diagnosis (AOR=4.12, 95%CI=1.85-9.18 and AOR=2.43, 95%CI=1.14-5.20 for the lowest and middle education categories compared to highest, respectively). Arealevel education also showed an inverse relationship with BMI and obesity; these results did not vary by sex as they did at the individual level. This cross-sectional study of a major urban area provides some insight into the global transition with a trend toward concentrations of risk factors in poorer populations.
INTRODUCTION
Globally, chronic diseases are the primary cause of mortality, and their significance relative to injuries and communicable diseases is projected to increase over the next two decades. 1, 2 While chronic diseases are traditionally thought to be more important in developed than in developing countries, the majority of the increase in these diseases globally is occurring in developing countries. 3 In fact, cardiovascular disease already causes more deaths than any other disease in developing countries.
distributed; and decreased physical activity at work and home. 1, 5, 6 Urbanization, which is often closely linked to economic growth and industrialization, also plays a key role in these processes. By 2008, more than half of the world's population will live in urban areas; by 2030, 80% of the urban population will live in developing countries. A large proportion of this urban population growth will be due to growth in the urban poor. 7 Urbanization may affect human health through conditions in which people live, where they work, the food they eat, and the environmental factors to which they are exposed. 8 However, these effects may not be similar for all social groups. While those in urban settings who are better off financially may be able to change their levels of risk factors (e.g., tobacco, excess calories from saturated fats and sugars), the poor may find it difficult to live healthy lives in urban areas. 8 Documenting the social patterning of chronic disease risk factors is important for understanding the causes of increases in developing countries and for targeting specific populations for the most effective interventions. While socioeconomic inequalities in chronic diseases and their risk factors have been studied extensively in high-income countries, 9 very few studies have investigated social inequalities in chronic disease risk factors in low-or middle-income countries. We used data from a recent population-based survey to investigate the social patterning of chronic disease risk factors in one large Latin American city: Buenos Aires, Argentina.
METHODS
In 2005, the Argentine government conducted a National Survey of Risk Factors for Noncommunicable Diseases to determine the prevalence of chronic disease risk factors among adults 18 years and older. The study consisted of a four-stage probabilistic sample design with agglomerations of at least 5,000 inhabitants sampled at the first stage, censal radios (with an average of 300 housing units) or clusters of censal radios sampled at the second stage, housing units sampled at the third stage, and an individual 18 years or older randomly sampled from all households within each housing unit at the fourth stage. The sample represents 96% of adults living in urban areas (with at least 5,000 inhabitants). Nationally, the effective response rate of the sampled households was 89.6%. The analyses reported in this study are for the city of Buenos Aires where the effective household response rate was 79.3%. The city of Buenos Aires is at the core of the largest metropolitan area in the country. In the 2001 census, the city of Buenos Aires had 2.8 million residents and the metropolitan area had more than 11 million residents. 10 A total of 1,510 residents in the city of Buenos Aires participated in the survey. Surveys were completed by trained interviewers who visited sampled households at varying times of the day.
Participants responded to a questionnaire concerning their height, weight, high blood pressure status, diabetes status, diet, physical activity, and smoking history. Questionnaire items were modeled or adapted from standard surveys such as the Behavioral Risk Factor Surveillance System. 11 Height and weight were self-reported by participants and were used to calculate body mass index (BMI; weight divided by height squared; in kilograms per meter squared). Participants were classified as obese if they had a BMI≥30 kg/m 2 . Participants were classified as having high blood pressure or diabetes if they reported they had ever been diagnosed with these conditions by a health professional. Diet was measured using a question on frequency of fruit and vegetable intake: "How many days in the last week, in your house or outside of your house, did you eat or drink …fruit (not including fruit juice)? … vegetables?" Participants were categorized as having high intake of fruits and vegetables if they reported eating fruits and vegetables at least 5 days/week. The amount of fruits and vegetables consumed on each of those days was not assessed.
Physical activity was assessed using a standardized questionnaire: "In the last week, how many days did you participate in intense physical activity/moderate physical activity/walking, lasting at least 10 min"? and "Time of intense physical activity/ moderate physical activity/walking in minutes." Based on responses, physical activity was categorized into three levels: intense (participants who engaged in at least 3 days/ week of intense physical activity [defined as activity resulting in much faster breathing and major physical exertion] for a total of at least 1,500 metabolic equivalent (MET)-minutes per week or 7 days of any combination of exercise for at least 3,000 METminutes per week); moderate (at least 3 days/week of intense activity for 20 min/day or at least 5 days of moderate activity [defined as activity resulting in faster breathing and some physical exertion] or walking for at least 30 min/day or at least 5 days of any combination yielding at least 600 MET-minutes per week); and low otherwise. A MET is defined as the caloric consumption of a person while at complete rest (1 kcal/ kg/h). The physical activity questions did not distinguish leisure-time activity from other kinds of activities. Current smoking status was reported by participants in response to the question: "At the moment, do you smoke cigarettes every day/some days/you don't smoke." Each of the seven chronic disease risk factors (BMI, obesity, high blood pressure diagnosis, diabetes diagnosis, high fruit and vegetable intake, low physical activity level, and current smoking status) was examined separately.
The socioeconomic variables examined included education, income, and areabased socioeconomic measures. Participants self-reported their education levels in response to the question "Level of education-no education/primary incomplete/ primary complete/secondary incomplete/secondary complete/tertiary or university incomplete/tertiary or university complete or more/special education" and were classified as having incomplete secondary education (G12 years), complete secondary education/incomplete tertiary (12-13 years), or complete tertiary/university education (14 years or more). Monthly household income in pesos was reported in response to the question: "Range of total monthly household income in pesos-no income, 1-100, 101-200, …, 1,001-1,250, 1,251-1,500, …, 2,001-3,000, …, 5,001 and more" and categorized according to approximate tertiles with an additional category for unknown income. Area socioeconomic position was defined based on the participant's censal fraction of residence. Censal fractions were defined by the Argentine National Institute of Statistics and Censuses and included an average of approximately 3,600 residents. We used the percentage of residents per censal fraction with incomplete secondary education as the key area-level socioeconomic measure.
Analyses
After descriptive and bivariate analyses, we ran running multivariable linear and logistic regression models for the seven chronic disease risk factors to determine their social patterning at the individual level. All of these models were adjusted for age and sex and were mutually adjusted for individual education and household monthly income. We tested interaction terms for sex with education and with income for each outcome and presented stratified analyses when the interaction terms were statistically significant based on a 0.05 level of significance. We used five-level categories for education and income when calculating the Spearman correlation and P values for interaction terms and tests for trend in order to maximize power. However, the additional categories did not add any qualitative advantage to the three-level categories, and so we kept only three levels for the relevant figures and tables for simplicity.
Generalized estimating equations 12 were used to account for the clustering at the censal fraction level when conducting the area-level analyses with censal fraction education levels as the predictor of interest. Survey weights were used to account for the complex sampling design in all analyses.
RESULTS
Of the 284 censal fractions in Buenos Aires, 155 were represented in the survey. The total sample size was 615 men and 895 women. The mean number of participants per censal fraction was 9.74 with a median of 9 people and an interquartile range (25th-75th percentiles) of 7-10. When compared to the 129 censal fractions not sampled, the 155 censal fractions were similar in terms of characteristics such as the percentage of female residents, the proportion of people without health care coverage, the proportion of people with incomplete secondary education, and the proportion of households with two or more people per room (results not shown). Table 1 displays selected individual characteristics of the sample, stratified by sex. The mean ages of the respondents were 45.5 years for men and 49.6 years for women. The majority of the respondents had at least a secondary school education (71% men, 68% women). Men reported higher household monthly incomes than women (35% of men reported incomes more than 1,750 pesos per month compared to 25% of women). Income and education were positively although not highly correlated (Spearman correlation between the two five-level categorizations=0.48). The percentage of obese respondents was 10% for women and 12% for men. Both men and women reported being diagnosed with high blood pressure (30% and 31%, respectively) more often than diabetes (12% and 7%, respectively). A higher percentage of women than men reported eating fruit and vegetables at least 5 days/week (45% women, 27% men). Physical activity levels were similar for men and women with most people (56%) having moderate or low levels. The percentage of people who had ever smoked was 55% for women and 71% for men, but 26% of women and 31% of men said they were current smokers. Men and women resided in censal fractions with an average of 37.9% and 38.3% of residents with incomplete secondary school education, respectively. Figure 1 shows age-adjusted prevalences or mean levels of selected risk factors by socioeconomic status (SES), weighted to account for sampling design. BMI was inversely associated with income and education in women but not in men. Reported diagnoses of high blood pressure and diabetes generally tended to decrease with increasing education and income. The prevalence of eating fruits and vegetables five times a week increased with increasing education and income for both men and women. In general, socioeconomic gradients in high blood pressure, diabetes, and diet were more consistent and were more likely to be statistically significant or approach statistical significance in women than in men. Weaker and less consistent patterns were observed for physical activity or smoking: the prevalence of current smoking decreased slightly with increasing education and income in men but not in women and the prevalence of low physical activity tended to increase with increasing education and income for both sexes. However, none of the trends were statistically significant. Table 2 shows the odds ratios (OR) of hypertension, diabetes, eating fruits and vegetables at least 5 days/week, low physical activity, and current smoking by education and income adjusted for each other in addition to age and sex. There was no evidence that the associations differed significantly by sex (P for multiplicative interaction90.05), so pooled results adjusted for sex are shown. Low income and education were associated with increased odds of hypertension in a graded fashion although the trend was not statistically significant at the 0.05 level for education (OR=1.48, 95%CI=0.99-2.20 and OR=1.50, 95%CI=0.99-2.26 for the lowest compared to the highest education and income categories, respectively). Lower education was strongly associated with increased odds of diabetes in a graded fashion (OR=4.12, 95%CI=1.85-9.18 and OR=2.43, 95%CI=1.14-5.20 for the lowest and middle education categories compared to the highest, respectively). The odds of eating fruits and vegetables 5 days/week was positively associated with income (OR=0.58, 95%CI=0.39-0.84 for the lowest category compared to the highest category). Physical activity was not patterned by income or education. There was some evidence of increased odds of smoking in the lowest educational categories, although this difference was not statistically significant (OR=1.26, 95%CI=0.85-1.85 for lowest versus highest category). Table 3 displays adjusted mean differences in BMI and OR of obesity by education and income, stratified by sex. Sex-stratified results are shown because there was evidence of significant heterogeneity of the effects of education and income on BMI by sex (P for additive interaction 0.0235 for sex and education and 0.0252 for sex and income). For women, BMI increased with decreasing levels of education and household income. BMI shows no clear trend for men by education or income. A similar pattern was observed when a dichotomous obesity was examined: the odds of obesity All models adjusted for age, sex, education, and income. P values for trend are calculated based on five-level categories for education and income to maximize power
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increased with decreasing income and education in a graded fashion in women, but no clear patterns were observed in men. Figure 2 displays the age-adjusted mean BMI by sex for the different levels of censal fraction education. Mean BMI tended to increase as the percentage of resi- All models adjusted for age, sex, education, and income. P values for interaction terms for sex and education and sex and income were 0.0235 and 0.0252, respectively, for BMI and 0.4878 and 0.1449, respectively, for obesity. P values for interaction terms and trend are calculated based on five-level categories for education and income to maximize power dents with incomplete secondary education increase. Associations of censal fraction education with the risk factors after adjusting for age, sex, education, and income are shown in Table 4 . There was no evidence that high blood pressure, diabetes, fruit and vegetable intake, physical activity, or smoking was associated with area characteristics after accounting for individual-level income and education. However, living in an area with a higher percentage of residents with incomplete secondary school was significantly associated with greater mean BMI and greater odds of obesity with no evidence that these associations differed by sex.
DISCUSSION
This study offers insight into the social patterning of chronic disease risk factors in a major Latin American city. We found evidence that BMI and obesity are inversely associated with education and income in women but not men. In addition, among all adults, having a high blood pressure diagnosis was inversely associated with income and education (although trends by education were not statistically significant) and having a diabetes diagnosis was inversely associated with education. The diabetes results were particularly striking: adults who had complete secondary education but incomplete tertiary or university education had more than two times the odds of reporting a diabetes diagnosis when compared to those with complete tertiary or university education, and those with less than a secondary school education had more than four times the odds of reporting a diabetes diagnosis when compared to the same group. Considering that, in many countries (including Latin America), people of lower socioeconomic status may be less likely to have access to a medical professional [13] [14] [15] to diagnose either high blood pressure or diabetes, it is likely that the associations between low social position and higher odds of diabetes and hypertension are underestimated. In contrast to results for BMI, high blood pressure, and diabetes, the behavioral risk factors of diet, physical activity, and smoking were not consistently patterned by education or income, except for a positive association of fruit and vegetable intake with income.
Most studies of socioeconomic status and chronic disease risk factors have been conducted in high-income economies, and most show inverse social gradients. 9 However, evidence suggests that the social patterning may vary depending on the social and economic context of the country. In lower-income countries, higher levels of socioeconomic resources may be associated with lifestyle characteristics conducive to higher levels of chronic disease risk factors. However, a reversal of this social gradient may occur over time as those of higher social classes recognize that their lifestyles are not conducive to a healthy life and have the resources to change their behaviors and potentially their environments. [16] [17] [18] A limited number of studies have investigated social gradients in chronic disease risk factors in developing countries. Most work has focused on BMI and obesity. A recent review of the socioeconomic patterning of obesity 19 reported that, for women, stronger inverse associations between BMI and indicators of education, occupation, income, or material resources emerged as country-level development increased. In men, results were more mixed: associations of socioeconomic factors were often not statistically significant and were sometimes curvilinear. 19 Likewise, a cross-national study of obesity among women from 27 developing countries found that SES, measured by education, was positively associated with obesity in low-income economies, but negatively associated with obesity in upper-to middle-income developing countries. 20 A recent review on SES and obesity in developing countries supports All models adjusted for age, sex, education, and income. BMI also adjusted for interaction terms for sex with education and with income these findings, noting that, as economies develop, obesity becomes more prominent among lower SES groups with this shift occurring earlier for women than men. 21 Our findings are consistent with prior work: we found an inverse social gradient in BMI and obesity for women, but not for men, using both education and income. These results would be expected given that Argentina is a middle-income country, and urban areas are often the first to undergo these transitions to inverse social gradients. The reasons for the stronger social patterning in women than in men (which has been consistently reported also in developed countries 19 ) remain to be determined. Studies investigating the social patterning of hypertension and diabetes have reported both positive and inverse associations with socioeconomic position. For example, hypertension and diabetes have been found to be both inversely and positively associated with socioeconomic factors in countries of Asia and Africa. [22] [23] [24] [25] [26] [27] [28] [29] [30] In Latin America and the Caribbean, hypertension was inversely associated with SES in a major city in Chile 31 and systolic blood pressure was inversely associated with income and education in Trinidad and Tobago. 32 However, in other areas, the association depended on gender. Studies in urban areas of Cuba and Peru found that hypertension was inversely associated with socioeconomic factors in women, but positively associated with socioeconomic factors in men. 33, 34 Diabetes was inversely associated with socioeconomic factors in urban Bolivia, 35 Peru, 34 and Mexico. 36 In a study of elderly in seven cities in Latin America and the Caribbean, diabetes mellitus was inversely associated with education in Buenos Aires and Montevideo, but showed no patterning in Bridgetown, São Paulo, Santiago, Havana, or Mexico City. 37 Diabetes also showed no association with SES in Valparaiso, Chile. 31 We found inverse associations of income and education with hypertension and of education with diabetes in a large urban area in Argentina. These results suggest that the social patterning of hypertension and diabetes may vary substantially across developing countries by level of development and level of urbanization. However, given the emerging associations between BMI and social position as countries develop and the fact that BMI is a strong risk factor for both diabetes and hypertension, it is to be expected that strong inverse social gradients in diabetes and hypertension are likely to emerge, especially in women.
With the exception of smoking, few studies have examined the social patterning of health behaviors in developing countries. Like hypertension and diabetes, the social patterning of smoking is not invariant. Both inverse and positive associations of socioeconomic factors with smoking have been reported in countries of Asia and Africa. 23, 24, 27, 38 The direction of the association between smoking and SES depended on urban/rural status among older adults in Mexico, exhibiting a positive association with income in urban areas but a negative association with wealth in less-urban areas. 39 In a Chilean city, current smoking was not associated with SES, but being sedentary in leisure time was inversely associated with SES. 31 A recent study in Rio de Janeiro found that a composite measure of cardiovascular disease risk (based on BMI, fat location, smoking, hypertension, sedentary lifestyle, and alcohol consumption) was inversely associated with education in men and women and with income in men. 40 We found some evidence of a positive association between income and eating fruit and vegetables, but no evidence of strong social gradients in physical activity or smoking in the city of Buenos Aires. Behaviors such as diet and physical activity are notoriously difficult to measure and the questions available to asses these behaviors were very limited. Physical activity, for example, includes both occupational and leisure-time activity (which likely vary by gender), and fruit and vegetable intake is measured by days consumed rather than the amounts consumed on each of those days. Detailed assessment of physical activity and diet was not available in this survey. This could have affected our ability to detect stronger or more consistent social patterning of these behaviors. We did detect some social patterning of diet, and it is plausible that, in developing countries, low socioeconomic position is still associated with greater occupational physical activity, resulting in no gradient in physical activity. Our questionnaire did not allow us to distinguish between these different types of activity. On the other hand, it is possible that, in developing countries, behaviors such as being sedentary and smoking are still as common in the higher as in the lower socioeconomic groups for a variety of social and cultural reasons. For example, price may be a deterrent to smoking among low SES groups in some developing countries, although transnational tobacco companies are increasing marketing and availability to larger sections of the population. 1, 5 It is plausible that inverse gradients will emerge over time as they have in other countries. 9 Despite the limitations of the self-reported measures, the outcomes of physiciandiagnosed diabetes and hypertension and self-reported BMI may be better markers of the cumulative effects of a variety of difficult-to-measure behaviors and exposures that are patterned by SES, hence the stronger associations of SES with these factors that we observed in our data. The fact that hypertension and diabetes were inversely associated with socioeconomic position in both genders despite the absence of BMI differences in men suggests that BMI is not the only factor driving these differences.
We also found that lower area-level education was associated with higher BMI after controlling for individual-level education and income. Area-level was correlated with other area-level measures, such as inadequate housing and percentage of the population with unmet basic needs, and was used as a proxy for a variety of socioeconomic conditions. Although area effects have received much attention in industrialized countries, 41, 42 they have been rarely investigated in nonindustrialized countries. One multilevel study in rural China found inverse associations of community socioeconomic characteristics with smoking, waist-to-hip ratio, systolic blood pressure and BMI. 43 Our results for BMI are consistent with those reported in China, but we did not find area-level effects for other risk factors. Interestingly, area effects were present for both women and men despite the absence of social gradients in BMI in men at the individual level. It has been argued that a variety of area features including access to walkable environments, healthy foods, and sources of chronic stress could contribute to area differences in BMI. 44, 45 It is plausible that limitations in our measures of physical activity and diet make it difficult to detect area effects on these behaviors. Moreover, the extent of which area characteristics relevant to health behaviors covary with area SES in developing countries requires further research.
A limitation of our analyses is the use of self-reported measures of risk factors which undoubtedly introduced measurement error. For instance, the assessment of diabetes and hypertension was based on self-reports; height and weight were also selfreported possibly resulting in misclassification. [46] [47] [48] [49] [50] [51] Nevertheless, many population surveys, including surveys in high-income countries such as the Behavioral Risk Factor Surveillance System 11 in the US, rely on self-reported measures for the surveillance of risk factors. In addition, these data from a large urban area may not be generalizable to less-urban or rural areas. The cross-sectional nature of our analyses obviously does not allow us to examine trends over time in the social patterning of risk factors. Limitations in the measures used also do not allow us to draw firm conclusions regarding the relative importance of income and education. Also, we did not assess the impact of other individual and area socioeconomic variables, such as occupation, wealth, and area-level poverty, which may also yield important insights into the burden of these risk factors by social factors.
Our study adds to the paucity of data on the individual and area-level social patterning of chronic disease risk in developing countries. We found that BMI was clearly inversely associated with SES in women and that diabetes and hypertension were inversely associated with SES in women than in men. In addition, lower area-level education was associated with higher BMI in both genders. Stronger inverse social patterning is likely to emerge over time in urban areas like the one we investigated. The presence of these inequalities needs to be considered by policy makers and public health workers both in terms of understanding the causes of chronic diseases and designing appropriate interventions.
